Investigators who study drug addiction are fortunate to have access to excellent animal models. Such models will be invaluable in the assessment of factors involved in the progression of drug addiction. The relevance of these findings, however, will depend on the general understanding of how each model is related to drug addiction. The present review focuses on several procedures that were designed to model the addiction process and questions whether these models are tapping into the same underlying process or whether each is addressing a unique feature. Furthermore, various factors (e.g., rate of drug onset, dose magnitude, early drug history, periods of abstinence) influencing the progression of these addiction-like changes in behavior are discussed.
Animal studies offer an opportunity to investigate specific aspects of the addiction process without the confounding factors associated with human studies. As this special issue of Drug Discovery Today attests, a variety of animal models have been developed which can be used to address fundamental issues related to drug abuse and dependence. Such models will be invaluable in the assessment of genetic influences, neurochemical changes, pharmacological variables and epigenetic influences involved in the addiction process. The relevance of these findings, however, will depend on the general understanding of how each model is related to drug addiction. This review will focus on several procedures that have been developed to examine specific aspects of cocaine self-administration in rats. One fundamental question is whether each of the models is tapping into the same underlying process or whether each is addressing a unique feature. A continuing theme throughout this review will be the examination of whether the phenomena exposed by different procedures and models are correlated or dissociable.
Before describing the rat models, it is important to briefly consider the condition under study. A logical point of reference for those attempting to model addiction-like symptoms is the current Diagnostic and Statistical Manual [8] . Table 1 lists several criteria from the DSM-IV associated with substance dependence. Whereas some of these criteria (i.e., those listed above the dotted line in table 1) might be difficult to address using experimental animals, others have been successfully modeled. Note that this is a broad classification system which is used to diagnose individuals who are dependent on a variety of substances including alcohol, opiates and stimulants. Each criterion may not apply equally across all drug categories. For example, the degree of physical dependence associated with cocaine is an issue that has been debated over the years.
Progressive Ratio Training and Final Ratio Escalation
Our lab has focused on modeling changes in the motivation to self-administer cocaine. A progressive ratio (PR) schedule has been developed for the study of cocaine self-administration in rats which essentially asks the question, "How hard is an animal willing to work to gain access to the next injection?" Figure 1A shows an example of the pattern of cocaine selfadministration on a PR schedule. The first response of the session results in an intravenous cocaine infusion; thereafter the delivery of this reinforcer is contingent upon an increasing number of responses incremented through the following series: 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50, 62, 77, 95, 118, 145, 178, 219, 268, 328, 402, 492 , 603, etc. [9] . Note that the pattern of self-administration is characterized by evenly spaced post-infusion pauses followed by a period of relatively rapid responding for the requisite number of responses. Responding ceases at some point in the session, presumably when the response cost exceeds the reinforcing value of the drug. The dependent measure is the 'break point' or final ratio, defined as the response requirement corresponding to the final drug infusion. We have argued [10] that the final ratio can be considered as an index of an animal's motivation to self-administer psychostimulant drugs.
A number of factors affect whether final ratios remain stable or escalate over time. When the PR schedule has been employed to evaluate the effects of lesions, hormonal manipulations or drug pretreatments on the reinforcing efficacy of cocaine [11, 12, 13] , training procedures were used that produced very steady final ratios under baseline conditions. However, as our interest turned toward the addiction process, we sought to identify conditions which would produce an increase in final ratios over time -as might be expected if there were an addiction process affecting drug taking behavior. Figures 1A and 1B show an example of an increase in final ratios over time. The cumulative records in Figure 1A show final ratios increasing from an initial value of 118 on day 1 to a value of 328 on day 14. Clearly, the amount of time and energy devoted to drug taking increases in this animal over a relatively brief period. This effect occurs in the majority, albeit not all animals, and is only seen under specific conditions. The unit injection dose of cocaine is a critical factor affecting the escalation of final ratios over time. Morgan and colleagues [14] showed that final ratios were more likely to increase at higher unit doses, with 1.5 mg/kg/inj being optimal. Note that the 1.5 mg/kg/inj cocaine dose occurs at the top of the PR dose effect curve, as illustrated in figure 2, [15, 16, 14] and is selected over lower doses (0.75 mg/kg/inj) in choice experiments [15] . Thus the dose which is most likely to push the addiction process forward is also the most reinforcing dose and the one animals are most drawn toward if given a choice.
Liu and colleagues [17] demonstrated that the speed of drug infusion has an important influence on the escalation of final ratios. Three groups of rats were given access to the same unit dose of cocaine (1.5 mg/kg/inj) on a PR schedule; in one group the injections were delivered relatively quickly (i.e. 5 sec duration), while the remaining two groups received their injections over a longer period (25 and 50 sec). As illustrated in Figure 1B , no significant difference was observed between the three groups at the start of the two-week testing period. However, as testing continued the 5 sec group showed a significant increase in final ratios whereas the groups that received slower cocaine infusions (i.e., 25 or 50 sec) did not show this increase across sessions [17] .
The escalation in final ratios represents a leftward and upward shift in the cocaine doseresponse curve. The ascending limbs of two dose-response curves are shown in Figure 2 . The data clearly show that higher unit injection doses of cocaine support higher final ratios. The lower curve is typical of many studies using training procedures which produce stable final ratios. The upper curve represents animals that were tested for 2 weeks using conditions that produced an escalation of final ratios; that is, they were given access to cocaine on a PR schedule reinforced with a high unit dose of cocaine (1.5 mg/kg/inj) delivered relatively rapidly (~5 sec). When other doses were subsequently tested, it was apparent that the escalating effects carried over to other doses causing an upward and leftward shift in the dose response curve [14] .
An upward and leftward shift in a dose-response curve is referred to as 'reverse tolerance' or 'sensitization'. Note that the term sensitization describes a change in a very specific drug response and is not a conclusion regarding a more global modification. That is, the data illustrated in Figure 2 only show that the behavioral response for self-administered cocaine is sensitized -not that the animal is sensitized. It is possible that other behavioral and neurochemical responses to cocaine might remain unchanged or even show changes in the opposite direction.
Behavioral Sensitization
How does sensitization to the reinforcing effects of cocaine relate to the literature on 'behavioral and neurochemical sensitization'? It has long been known that a variety of specific behavioral responses to psychostimulant drugs can become augmented with repeated drug administrations [18, 19, 20] . This general phenomenon, commonly referred to as 'behavioral' sensitization, has been linked at a theoretical level with the addiction process [21, 22, 23] . Many detailed reviews have addressed specific issues, for example, the neurobiological [24] and external conditional factors [25] that influence the development of behavioral sensitization. This phenomenon is paralleled by the development of neurochemical sensitization (i.e., increased drug-induced extracellular dopamine in the ventral striatum), which is considered to be of fundamental importance in the expression of behavioral sensitization [23] .
Behavioral and neurochemical sensitization have also been reported to occur in the human literature. Multiple investigators have reported that drug-associated behaviors in human subjects become sensitized following repeated amphetamine administrations [26, 27] , see review [28] . In addition, Boileau and colleagues [27] have demonstrated that amphetamineinduced neurochemical sensitization can be observed in the striatum of human subjects.
There is strong evidence linking behavioral and neurochemical sensitization with an augmentation of the reinforcing effects of psychostimulant drugs. Regimens of IP amphetamine administration that result in behavioral sensitization [29, 30] and neurochemical sensitization [30, 31] also result in increased final ratios on a PR schedule reinforced by IV amphetamine [30, 31] or cocaine [32, 33] . Although these data appear to strongly support the conclusion that behavioral and neurochemical sensitization is sufficient to produce an augmentation of the reinforcing effects of cocaine and amphetamine, the question remains whether behavioral and neurochemical sensitization is necessary to achieve this result. A conclusion suggesting that behavioral and neurochemical sensitization is sufficient but not necessary would imply that other important addiction processes exist.
If sensitization of the dopamine system is the only process involved, then it would be predicted that animals showing an escalation in the reinforcing effects of cocaine in self-administration procedures should also show a sensitized dopamine response. Contrary to this hypothesis, Läck et al. [34] showed that the cocaine-induced psychomotor and neurochemical responses in fact showed tolerance in animals in which the reinforcing effects of cocaine were enhanced. Animals were provided access to cocaine under a PR schedule using conditions which produced an escalation in final ratios over 14 days. Upon the cessation of training, measurements for cocaine-induced psychomotor activation ( Figure 3A ) and extracellular dopamine in the ventral striatum ( Figure 3B ) were taken following either one-day (early withdrawal) or 14-days (late withdrawal) of forced abstinence. As illustrated in Figure 3A , it was found that the psychomotor activating effects of cocaine were reduced following a history of PR training in comparison to naïve animals. In addition, no apparent neurochemical sensitization to a cocaine challenge was observed in the ventral striatum. That is, cocaine-induced extracellular dopamine levels were shown to be identical between all groups in the nucleus accumbens core. In fact, as illustrated in Figure 3B , extracellular dopamine levels in the nucleus accumbens shell were significantly decreased following 1-day of withdrawal from PR training in comparison to naïve animals. However, this reduced dopamine effect was found to recover following 14 days of withdrawal. These data suggest that the sensitizing effects (i.e., increased final ratios) produced by PR training are dissociable from the development of behavioral and neurochemical sensitization. We conclude that neurochemical sensitization may be sufficient, but is not necessary for the development of an increased motivation to self-administer cocaine; thereby suggesting that more than one addiction process should be considered.
Long-Access Training and Intake Escalation
Long-access training is another procedure that is used to model the addiction process. The phenomenon of long-access escalation (LgA), which models the increased drug intake observed in human addicts, has been clearly demonstrated by Ahmed and Koob [35] . These investigators have repeatedly shown that providing extended access (i.e., at least 6 hours) during daily Fixed-Ratio1 (FR1) self-administration sessions results in an increase, or 'escalation,' in the rate of drug intake over weeks [35, 36] . As illustrated in figure 1C [35] , the daily number of infusions that are self-administered by animals given short-access (i.e., 1 hour; ShA) to cocaine remained stable over 12 days (filled circles); whereas, when given long access (i.e., 6 hours) to cocaine the daily number of self-administered infusions drastically increased over 12 days (open circles). The observation of escalated rates of drug-intake after long-access training is a highly replicable phenomenon that has been documented to occur for several drugs of abuse including cocaine [35] , methamphetamine [37] and heroin [38] . Many different laboratories are beginning to use this long-access training procedure in order to study the neurobiological [39, 40, 41] and behavioral [42, 43] consequences of a history of escalated cocaine intake. Although this phenomenon is briefly reviewed here, more encompassing reviews exist that cover concepts such as the behavioral [44] and neurobiological [45] factors associated with long-access escalation.
An escalation of final ratios on a PR schedule is fundamentally different from an escalation in intake on an FR1 schedule of reinforcement. Inspection of Figure 1 reveals a superficial similarity in time course for the two procedures. The escalation in final ratios shown in the PR group (Fig. 1B) shows approximately the same slope as the escalation in intake on an FR1 schedule shown by the LgA group ( Fig 1C) . It should be emphasized, however, that the two dependent measures are very different. Final ratios reflect some measure of the motivation to obtain drug, while rate of drug intake on an FR1 schedule of reinforcement reflects the blood or brain level at which an animal will titrate its intake [46, 47, 48, 49 ] but see also [50] . These are very different concepts. In behavioral economic terms, one reflects "price" and the other "consumption". It remains unclear whether self-administration histories that produce changes in consumption necessarily result in changes in the maximum price paid. A number of studies have reported that LgA training can result in an increase in final ratios for cocaine on a PR schedule [51, 52, 53] and faster runway times for cocaine [54] in comparison to ShA rats. However this does not appear to be a consistent result. Liu et al. [55] found that higher final ratios are not necessarily observed in LgA animals. Additionally, under certain conditions, escalating the rate of cocaine intake can suppress the development of final ratio escalation that occurs during PR training [14] . Therefore, it remains unclear whether LgA and PR training produce parallel escalations in both drug intake and the effort an animal is willing to expend to obtain cocaine.
Recently we have explored the use of a self-administration protocol which provides a measure of both price and consumption. The procedure, adapted from a study by Zittel-Lazarini, et al [56] , uses a descending series of unit injection doses (237μg -1 μg) to determine the threshold dose of cocaine. The term 'threshold' is defined as the lowest dose that maintains stable responding throughout the duration of the session. In their study, Zittell-Lazarini and colleagues [56] demonstrated that very high rates of responding can be maintained under an FR1 schedule of reinforcement by cocaine doses as low as 8 μg/inf. Due to the observations that the rate of cocaine intake maintained under an FR1 schedule of reinforcement is titrated around some blood or brain level [47, 57, 58] and maximal responding occurs at the threshold, these authors [56] first suggested that behavioral economics analyses could be applied to threshold data.
As shown in figure 4B and C, a relatively stable level of cocaine consumption is maintained as the available dose is decreased until a threshold dose is reached. Due to the observation that maximal responding occurs at this threshold dose, it can be inferred that the maintenance of drug intake at threshold is influenced by the price (i.e., effort) an animal expends to 'defend' a relative level of drug intake. An example of the high rates of responding that are engendered at threshold doses is illustrated in figure 4A . Here, responding at each individual animal's threshold, which ranged from 23.7-2.4 μg/inf, occurred at a rate of 955 responses/hr ± 244 (SEM). In behavioral economics terms, the point at which maximal responding occurs in order to maintain a relative level of drug consumption is Pmax (i.e., maximal price; [59] ). Although Pmax is normally assessed by increasing the response requirement necessary to receive a single injection of a constant drug dose [60, 61] , it is also valid to decrease the dose of a drug while holding the FR requirement constant [62, 63, 56] . Given that the threshold procedure apparently provides information about consumption in the high dose range in addition to a behavioral economics index of price, we applied this procedure to investigate the effects of LgA and PR training on the reinforcing effects of cocaine.
LgA and PR training produced opposite behavioral effects on consumption and price in the threshold procedure. The effects of four different training histories on daily cocaine intake are shown in figure 4 . As illustrated in figure 4B , it was found that PR trained animals did not maintain a higher level of cocaine consumption in comparison to a group of animals that were matched for intake and dose during training. The PR trained animals did, however, defend their rates of intake to lower unit doses in comparison to other groups. This maintenance of intake required a higher response output (955 responses/hr ± 244 SEM), the results of which are illustrated in figure 4A . Therefore, in behavioral economics terms, PR trained animals paid the highest behavioral price (Pmax) for cocaine in comparison to all other tested groups [64] . As expected, Figure 4C shows that LgA trained animals maintained a higher level of cocaine consumption at high doses in comparison to ShA animals. However, the threshold of the LgA animals was significantly higher than that of the ShA animals, suggesting the development of tolerance to the reinforcing effectiveness of cocaine. Therefore, LgA animals paid the lowest behavioral price (Pmax) for low doses of cocaine in comparison to all other tested groups [64] . In summary, LgA trained animals consumed more cocaine at high doses, but did not pay a high price to maintain consumption at low doses; by contrast, the PR trained animals did not consume more cocaine at high doses, but did expend a considerably higher behavioral price to maintain consumption at low doses. Overall, these findings suggest that LgA and PR training result in very unique behavioral phenotypes that exhibit distinct addiction-like behavioral manifestations. Again, these data suggest that more than one process may be involved in the development of addiction.
An escalation of cocaine intake is also dissociable from the development of behavioral and neurochemical sensitization. The literature suggests that the time-course of LgA training does not promote, and may actually suppress, the development of drug-induced behavioral sensitization. For example, multiple investigators have reported that LgA trained animals do not show behavioral sensitization in comparison to ShA trained animals [65, 66, 67, 43] . In fact, Ben Shahar and colleagues [65, 66] reported that LgA training resulted in rats that showed a tolerant cocaine-induced psychomotor response in comparison to ShA trained animals. These latter reports are consistent with our findings that LgA training can produce tolerance to cocaine-associated behavioral effects [64] . In addition, an important finding that appears to distinguish the effects of LgA training from neurochemical sensitization is that the dopamine response in the nucleus accumbens to a cocaine challenge is not increased in LgA trained rats [68] . Therefore, these data suggest that LgA and behavioral/neurochemical sensitization are distinct processes.
Sequence of Pharmacological Events and Abstinence
A sequence of pharmacological and behavioral events influences, in part, the emergence of observable tolerant or sensitized behavioral effects. The amount of drug exposure during initial training and the periods of abstinence following a history of drug administration greatly affect the expression of an escalation in the reinforcing effects of cocaine. Both of these considerations will be discussed independently and -as with the rate of drug injection and the magnitude of the available dose -will be shown to affect the development of addiction-like behavioral changes.
A history of high drug intake suppresses the development of an increased motivation to selfadminister cocaine, but only transiently suppress increased final ratios later in the sequence. Morgan et al. [14] showed that final ratios generally increase as long as the quantity animals are permitted to self-administer during training is restricted. Figure 5 shows the expected escalation of final ratios with only a single day of training (filled circles). However, if animals are given access to high doses (1.5 mg/kg/inj) for several hours for 5 days, then the phenomenon of escalation is greatly attenuated (Figure 5, open circles) . These data clearly demonstrate that greater drug access does not necessarily result in higher final ratios and in fact suggests that high cocaine intake retards the process which would result in an escalation of final ratios. It is important to emphasize that the sequence of events is critical. If higher levels of access are given after the final ratios have escalated, only transient suppression is seen. Figure 5 illustrates the effect of giving the escalated and non-escalated groups 5 days of high access (40 injections × 1.5 mg/kg/inj). The final ratios for the two groups temporarily converge, but surprisingly the two groups separate again after several days. We interpret these data to indicate that high access conditions, which can produce tolerance to the reinforcing effects of cocaine, prevent an escalation of final ratios. However, if animals are first exposed to a training procedure that fosters the escalation of final ratios, the presumed increased motivational state can survive periods of high intake.
Periods of abstinence can increase various drug-induced behavioral effects including final ratios, behavioral sensitization and cue-induced reinstatement responding. For example, we have repeatedly demonstrated that providing animals with extended access to cocaine (i.e., 4 trials/hr for 24 hrs/day) for at least 10 days followed by a deprivation period of 7 days produces animals that show increased final ratios when tested on a PR schedule [69, 16] ; see review [70] . As illustrated in figure 6A [16] , final ratios were significantly increased following this procedure in comparison to baseline final ratios (i.e., those before extended access and deprivation). Note that the deprivation period is a necessary component of this phenomenon. That is, animals that are given access to cocaine on an FR1 reinforcement schedule instead of undergoing a deprivation period following extended access conditions do not increase final ratios [16] . These data clearly demonstrate that periods of abstinence can produce increases in the reinforcing effects of cocaine. The expression of behavioral sensitization is another good example of the effects of abstinence periods. As illustrated in figure 6B [71] the expression of behavioral sensitization is exacerbated by periods of forced abstinence. Here, Kalivas and Duffy [71] treated rats with cocaine (30 mg/kg i.p.) for five consecutive days before measuring drug (15 mg/kg cocaine i.p.) induced psychomotor activation following various abstinence periods. It was shown that the magnitude of the psychomotor response became augmented along the course of abstention. Likewise, these authors reported that the cocaine-induced dopamine response in the ventral striatum increased over the abstinence period [71] .
Another related behavioral procedure used to model the addiction process has been termed 'incubation of craving.' This phenomenon of incubation refers to the observation that the amount of cue-induced responding observed during a reinstatement self-administration session increases in relation to the duration of the abstinence period [72, 73] . As illustrated in figure  6C [72] , the amount of cue-reinforced responding increases, or incubates, over periods of abstinence. In this study [72] , animals self-administered cocaine under an FR1 schedule of reinforcement, and then underwent various periods of abstinence before being returned to operant chambers. Upon meeting extinction criteria (i.e., 15 responses/hr on a lever not paired with any cue), cue-induced reinstatement responding was assessed by reintroducing a conditioned tone-light cue in response to each lever press. The amount of tone-cue maintained responding increased following progressively longer periods of abstinence. The incubation of craving phenomenon has been reported to increase over the first three months of abstinence but wanes after six months [74] . Taken together, these studies suggest that periods of abstinence may contribute to the development of certain addiction-like behavioral effects.
Increased reinstatement responding can be dissociated from the development of behavioral sensitization. Many parallels linking behavioral sensitization to changes in drug-selfadministration have been documented (see review, [75] ). In fact, it has been hypothesized that the development of behavioral sensitization to the acute effects of drugs may facilitate the reinstatement of drug-seeking behavior [21] in addition to promoting drug-taking behavior [75] . In support of this hypothesis, it has been demonstrated that the expression of behavioral sensitization coincides with the expression of drug-induced reinstatement responding [76] . That is, following periods of abstinence, animals that show increased psychomotor sensitization also show increased reinstatement responding [76] . However, other observations suggest that an animal's propensity to reinstate does not depend upon the development of behavioral sensitization. For example, LgA animals show increased reinstatement responding but do not exhibit increased behavioral sensitization in comparison to ShA animals [67, 43] . Thus, sensitization may be sufficient, but is not necessary for the expression of increased reinstatement responding. This dissociation provides yet another example that independent processes exist.
How many addiction processes are there? If we are seeking the most parsimonious explanation we should start with as few assumptions as possible and only when confronted with a need should we add more complexity to the theory. The simplest idea is that there is a single process which is manifest in a variety of ways in the clinical population. If animal models demonstrate that fundamental behavioral characteristics are always correlated it would imply that a single process is involved. If, however, critical features can be dissociated then it would not only suggest multiple processes but also guide the identification of core aspects of the addiction process. Robust behavioral changes that develop over time and appear to be symptomatic of an addiction process have been modeled using distinct training procedures. In the present review we provide several examples showing that many of the changes resulting from these procedures are dissociable. While it may be difficult to determine whether each of these behavioral changes models an exact DSM criterion several clear associations have emerged. For example, the escalation in drug intake observed after LgA training clearly models increased consumption over time. Similarly the increased final ratios observed after PR training appears to address the DSM-IV criterion of increased time and energy expended to obtain cocaine. Because the phenomena discussed in this review are dissociable, they can be viewed as distinct components of drug addiction. This idea suggests the possibility that each of these behavioral phenomena have discrete neurobiological substrates. Overall, we conclude that drug addiction is too complex a disorder to be explained as a single process or alteration in the function of one particular transmitter; however, the identification of specific sub-processes may actually enhance our ability to isolate neural mechanisms that are unique to various animal models. The challenge for the field will be to identify and distinguish between a yet unidentified number of addiction processes. Progress will likely be made through further development of animal models that address DSM-IV symptomatology. PR training produces sensitization to the reinforcing effects of cocaine. (14) Two groups of rats were given access to 4 doses of cocaine under a PR schedule following different behavioral histories. One group of rats (filled squares) was tested after a self-administration history (see PR training) that results in an escalation of final ratios over 2 weeks. A second group of rats (open triangles) was tested after a history that produces stable final ratios. The augmentation of the reinforcing effects of cocaine following PR training was observed at all tested doses. Note the upward and leftward dose effect curve shift. PR and LgA training produce opposite effects in the threshold procedure. (64) Selfadministration was assessed across a descending series of ten doses (237μg -1 μg) under an FR1 schedule of reinforcement to measure consumption in the high dose range and thresholds in the low dose range. A) PR trained rats (filled circles) showed a higher response output (955 responses/hr ± 244 (SEM)) for remarkably low threshold doses (23.7−2.4 μg/inf) in comparison to control rats (open circles). B). PR trained rats (filled circles) did not consume more cocaine at high doses in comparison to control rats (open circles), but maintained consumption at lower thresholds. Note that considerable effort is expended to maintain consumption as these low Early exposure to high levels of cocaine intake attenuates the escalation of final ratios. (14) The left pane shows the initial pharmacological history of two groups of animals. One group was given access to cocaine under an FR1 reinforcement schedule for 1 day (filled circles) and another for 5 days (open circles). The next pane shows the final ratios for both groups over 14 days. Note that only the group with a limited initial pharmacological history showed an increase in final ratios. The next pane illustrates that both groups then received access to cocaine for 5 days under an FR1 reinforcement schedule. Note that both groups showed an escalation in the rate of responding. The final pane illustrates that the effects of high cocaine intake only transiently suppressed final ratios in the group that originally showed an escalation in final ratios (filled circles). Periods of abstinence can increase final ratios, behavioral sensitization and cue-induced reinstatement. A). (70) Final ratios increase following abstinence periods. Seven days of abstinence following extended access (24-hr/day; 4 trials/hr; 10 days) conditions during cocaine self-administration results in rats that show increased final ratios (filled diamonds) in comparison to baseline final ratios (open circles). It should be noted that the abstinence period is necessary for the increase in final ratios. B). (72) Behavioral sensitization increases following abstinence periods. Cocaine-induced (15 mg/kg IP) psychomotor activation progressively increased over extended periods of abstinence following a sensitizing drug-treatment (30 mg/ kg IP cocaine × 5 days). C). (73) Cue-reinforced responding increases, or incubates, over periods of abstinence. Following various periods of abstinence from cocaine selfadministration animals were returned to operant chambers. Upon meeting extinction criteria (i.e., 15 responses/hr on a lever not paired with any cue), cue-induced reinstatement responding was assessed by reintroducing a conditioned tone-light cue in response to each lever press. The amount of tone-cue maintained responding increased following progressively longer periods of abstinence. Table 1 DSM IV criteria for substance dependence.
DSM IV Criteria for Substance Dependence
Persistent desire, or unsuccessful attempts, to limit use Important social, occupational, or recreational activities are reduced Continued use despite knowledge of adverse health consequences Increased Motivation: a great deal of time and energy expended to obtain substance Increased Consumption: substance is taken in larger amounts of over longer periods of time Withdrawal: substance is taken to relieve withdrawal symptoms Tolerance: a need for increased amounts of substance to achieve desired effects; diminished effects with continued use Drug Discov Today Dis Models. Author manuscript; available in PMC 2010 March 8.
